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Introduction
The development of organic materials for optical data storage and molecular optical devices whose properties can be modulated by light has attracted considerable interest in recent years. 1 The efforts in our group were focused on the synthesis of helically shaped-sterically overcrowded alkenes. The intriguing thermochromic, photochromic and stereochemical properties associated with these chiral compounds have resulted in chiroptical molecular switches 2, 3 and the ®rst light-driven molecular motor. 4, 5 The properties of molecules to be used in optical memory devices should meet three basic requirements: (a) thermal stability of both isomers, (b) a repeatable switching cycle without loss of activity, (c) ready detectability of both forms.
The photochemical process in chiroptical molecular switches, based on sterically overcrowded alkenes, pertains to the bistability of the cis-and trans-`pseudo-enantiomeric' forms 6 of such helical compounds. Stereospeci®c interconversion between`pseudo-enantiomers' with M-helicity and P-helicity can be achieved by irradiation with light of different wavelengths. Selectivity in the switching process is accomplished by incorporation of electron donating and withdrawing substituents within the molecule. 3 Essential for the thermal stability of both stereoisomers, and as a consequence the possibility to repeat the switching cycle, is the presence of a high racemization barrier. It was shown that a remarkable correlation exists between racemization barriers and both the aryl-X and aryl-Y bond lengths in symmetric 7 and non-symmetric inherently 5 dissymmetric alkenes (Fig. 1) .
5,7
Recently we reported the ®rst metallo-based overcrowded alkene 8 and it was shown that the isomerization barrier increased considerably when the aryl-Y covalent bond in 1 was replaced by a metal ion coordinated to two pyridine moieties as in complex 3.
In order to combine the advantage of the larger racemization barrier expected for the metallo-based overcrowded alkenes and the possibility to tune the wavelength of the photoisomerization process and the selectivity in the chiroptical switches, a novel class of metallo-based molecular switches was envisioned. Towards this goal we report here the synthesis and structural analysis of a chiral-helical shapedmetallo-based overcrowded alkene.
Results and discussion
The palladium complexes 4 were chosen as the target structures (Fig. 2) . Compared to structure 2 the upper 12 and gem-dichloride coupling. 13 When the ®rst of these are to be employed, one would eventually need a ketone moiety at the position at which double bond is to be formed both in upper and lower halves leading to several coupling products. The latter two methods require a methylene and ketone moiety at these positions. Based upon our experience with the total synthesis of other overcrowded alkenes 14 the method of choice is a gem-dichloride coupling reaction which requires lower half thioxanthones 6 and for the upper half 7 (Scheme 1).
Initially the synthesis of 7 was attempted by addition of isoquinoline 8 to (2-pyridinylmethyl)lithium 9. However, this coupling reaction gave 7 in very low yield (Scheme 2).
More ef®cient was a four step approach using Reissert compound 10.
15 Compound 10 could readily be prepared from isoquinoline, benzoylchloride and KCN. Initially, 10 was deprotonated using NaH in dry toluene, but the use of tBuOK in dry THF proved to be more ef®cient. The dark blue±purple solution of deprotonated 10 was treated with picolylchloride providing the Reissert compound 11 in moderate yield together with 7. This prompted the development of a more ef®cient route in which 11 was not isolated, but immediately hydrolyzed under basic conditions giving 7 in good yield (Scheme 3).
The thioxanthenes, prepared by standard procedures, 3, 16 were converted into the corresponding gem-dichlorides 12a±d by treatment with pure oxalyl chloride. These highly moisture sensitive compounds were not isolated, but immediately used in the subsequent reaction with 7. Re¯ux-ing the gem-dichlorides 12a±c in p-xylene in the presence of 7 afforded target compounds 5a±c (Scheme 4). Scheme 2. Attempted synthesis of 7 by addition of (2-pyridinylmethyl)-lithium 9 to isoquinoline 8. Whereas 5a could be isolated in 45% yield, yields dropped considerably when a substituent was introduced in the thioxanthene. The alkene 5b with a methyl substituent was obtained in 18% yield and the methoxy-substituted alkene 5c was isolated in only 1.5% yield. 1 H NMR spectra of 5b and 5c, indicated the presence of both the cis and trans isomer as is evident from characteristic resonances of the methyl (1.84 and 2.04 ppm) and methoxy groups (3.33 and 3.45 ppm). Both geometrical isomers are obtained in a one to one ratio. Attempts to synthesize 5d failed as only starting material could be isolated (Scheme 4).
Most probably this is due to steric hindrance, since for increasing substituent sizes in 5a±c yields drop considerably. It has been reported 13c that the addition of base results in increased yields in the gem-dichloride-coupling reactions. The same reaction, performed with 7 and 12a in the presence of piperidine, however, did not provide product 5a.
The palladium complexes 4a and 4b were obtained quantitatively by heating the ligand and PdCl 2 for 2.5 h at 508C and subsequently at room temperature overnight in acetonitrile (Scheme 5).
Pure palladium complexes 4a and 4b, showing low solubility, were isolated as yellow/orange powders. Upon complexation of PdCl 2 to the ligands 5a and 5b, a shift of approximately 0.4 ppm down®eld was observed in the 1 H NMR-spectrum for the pyridinic protons in the complexes 4a and 4b. Crystals of 4b suitable for X-ray analysis (Fig. 3) could be obtained by slow diffusion of acetonitrile in a chloroform solution of this complex.
The X-ray structure clearly shows the non-planar, helical shaped structure with folded upper and lower parts of the molecule. The tri-and tetracyclic units on both sides of the central double bond are positioned in opposite directions (i.e. anti-folded). The central six-membered rings, embedding the palladium and sulfur atom in the upper and lower parts of the molecule, clearly have a boat conformation. This conformation is necessary to allow the aromatic rings to adopt an anti-folded con®guration to diminish the steric strain around the central double bond caused by perihydrogen interactions between H 2 and H 27 and H 13 17 and the previously reported metallo-based sterically overcrowded alkene. 8 Both 4a and 4b are chiral compounds. The groups around the central double bond are forced by steric interactions into non-planar, helical orientation. The chirality in these inherently dissymmetric alkenes therefore originates from this helical shape of the molecule and is controlled by the metal-coordination in the upper part which`locks' the pyridine and isoquinoline moieties.
Conclusion
In conclusion, the ®rst chiral metallo-based sterically overcrowded alkenes have successfully been synthesized. The new methylene-bridged isoquinoline±pyridine moiety is introduced as a bidentate metal binding site. The X-ray analysis of the palladium complexe 4b clearly show the helical shape. The resolution of these new chiral overcrowded alkenes and photochemical behavior are subject to current investigation.
Experimental

General
1 H NMR data were recorded on a Varian VXR 300 or a Varian Unity 500 (at 300, or 500 MHz, respectively). a AEI MS-902 mass spectrometer by electron impact (EI) and were performed by Mr A. Kiewiet. Elemental analyses were performed in the microanalytical department of our laboratory by Mr H. Draayer, Mr J. Ebels and Mr J. Hommes. Melting points were taken on a Mettler FP-2 melting point apparatus, equipped with a Mettler FP-21 microscope and are uncorrected. All chemicals were obtained from Acros, Aldrich, or Merck. Solvents were dried using standard procedures.
4.1.1. 2-Benzoyl-1-pyridin-2-ylmethyl-1,2-dihydro-isoquinoline-1-carbonitrile (11) . To a re¯uxing solution of 10 (2.08 g, 8.0 mmol) in dry toluene (30 ml) under a nitrogen atmosphere was added NaH (0.72 g, 15.0 mmol, 50% dispersion in oil). The reaction mixture immediately turned deep red. After re¯uxing for 3 min, picolylchloride (0.96 g, 7.5 mmol) in dry toluene (10 ml) was added whereupon the reaction mixture was re¯uxed for 2 h. The reaction mixture was then cooled to room temperature and a solution of saturated NH 4 Cl (50 ml) was added. The reaction mixture was extracted with CH 2 Cl 2 (2£50 ml), dried on Na 2 SO 4 , ®ltered and the organic layers were evaporated under reduced pressure giving a brown oil. This oil was puri®ed using column chromatography (SiO 2 , hexane/EtOAc/ Et 3 N9:3:1, R f 0.23) yielding the product as white crystals which precipitated from the eluent (0.64 g, 1.8 mmol, 23%, decomposition when T.1408C). 
1-(2-Pyridinylmethyl)isoquinoline (7)
. Under a nitrogen atmosphere 11 (1.65 g, 6.3 mmol) was dissolved in dry THF (30 ml) and then cooled to 2508C. At 2508C the Reissert compound 10 15 was deprotonated by dropwise addition of a solution of KOtBu (0.52 g, 7.0 mmol) in dry THF (30 ml). Already when the ®rst drop was added the mixture turned deep purple. After adding all of the KOtBu, the reaction mixture was stirred for 1 h at 2408C. Upon addition of picolylchloride (0.89 g, 7.0 mmol) the reaction mixture slightly decolorized. After stirring for 1 h at 2308C, the reaction mixture was allowed to reach room temperature. The reaction mixture was then stirred for an additional 2 h whereupon a solution of 2 M KOH in H 2 O/ EtOH (30 ml) was added. The now red/orange solution was stirred overnight. The reaction mixture was acidi®ed with 2 M HCl solution (100 ml), diluted with CH 2 Cl 2 (100 ml) and extracted with 2 M HCl (2£100 ml). The combined acidic layers were neutralized with NaHCO 3 and then extracted with CH 2 Cl 2 (3£100 ml). The organic layers were dried on Na 2 SO 4 , ®ltered and the solvent removed under reduced pressure resulting in a yellow brownish oil. This oil was puri®ed using column chromatography (SiO 2 , hexane/EtOAc/Et 3 N10:3:1, R f 0.35) giving 7 as a yellow oil (0.99 g, 4.5 mmol, 71% 4.1.3. 1-(Pyridyl-2-yl-thioxanthen-9-ylidene-methyl)-isoquinoline (5a). In a magnetically stirred¯ask under a nitrogen atmosphere 6a (2.58 g, 12 mmol) was dissolved in oxalyl chloride (50 ml). This mixture was re¯uxed for 3 h which resulted in a yellow solution. The oxalyl chloride was removed under reduced pressure with an oil pump using three liquid nitrogen traps. When the oxalyl chloride was removed beige solid was obtained, which turned pink after 2.5 h in vacuo. Dry p-xylene (30 ml) was added giving a pink solution, to which was added a solution of 7 (2.68 g, 12 mmol) in dry p-xylene (20 ml) giving a dark green mixture. This mixture was then re¯uxed overnight (18 h). The reaction mixture had turned overnight orange/red and a solid had precipitated. After cooling to room temperature the reaction mixture was diluted with CH 2 Cl 2 (200 ml) and extracted with 6 M HCl solution (3£200 ml). The red acid layers were washed with CH 2 Cl 2 (2£100 ml) and then neutralized with NaHCO 3 . Upon addition of the NaHCO 3 a yellow/red suspension was obtained. This suspension was extracted with CH 2 Cl 2 (3£250 ml). The combined organic layers were dried on Na 2 SO 4 
1-[(2-
Methyl-thioxanthen-9-ylidene)-pyridin-2-yl]-isoquinoline (5b). This compound was prepared using the procedure for the synthesis of 1-(pyridyl-2-yl-thioxanthen-9-ylidene-methyl)-isoquinoline 5a. Starting from 6b (0.41 g, 1.8 mmol) and 7 (0.36 g, 1.6 mmol), the product was obtained after column chromatography (neutral Al 2 4.1.6. Dichloro[1-(pyridyl-2-yl-thioxanthen-9-ylidenemethyl)-isoquinoline] palladium (4a). Ligand 5a (150 mg, 0.36 mmol) and an equimolar amount of PdCl 2 (64 mg, 0.36 mmol) were stirred for 2.5 h at 508C in CH 3 CN (15 ml) and then overnight at room temperature. The orange suspension becomes bright yellow after 30 min at 508C. After removal of the solvent the palladium complex 4a was obtained quantitatively as a yellow powder. 
